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0 Implantable filter. 



@ A blood clot filtration device, for implantation 
percutaneously, for preventing movement of blood 
clots within a blood vessel. The device has a head 
(14) and a plurality of legs (12) extending therefrom. 
The legs (12) include a first linear leg portion (13) of 
predetermined length emanating distally from the 
^head (14) generally parallel to the axis of the device: 
i^a second multi-angled leg portion of relatively great- 
--^er length extending generally outwardly from the 
S distal end of the first linear leg portion at an acute 
CD angle to the axis, to fonfn. with other second leg 
portions, a conical aspect the second leg portion 
having a series of discrete linear segments (38) 
N arrayed generally tangent to a cone defined by the 
Q second leg portions of the set of legs; and a hook 
portion (22) at the distal end of each the leg extend* 
^ing outwardly, away from the axis in a manner for 
engaging the blood vessel to fix the position of the 
device therewithin. The configuration of the legs 



(12), including the first linear portion (13), and the 
use of a high strength titanium alloy for the head 
(14), fonned by fusing, and legs produces a filter 
which is able to tolerate severe compression for 
introduction percutaneously through a small sheath 
without yeilding. Preferably a central wire segment 
(24) is disposed axiaily. with the first linear leg 
portions (13) of the filter disposed closely there- 
at)Out. 
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IMPLANTABLE RLTB) 



Background of the Invention 



This invention relates to blood clot filters of the 
permanent metallic type, that may be placed in the 
inferior vena cava, one of the two main veins for 
returning blood to the heart Their purpose is to 
stop large clots or tiirombi from traveling, typically 
from tiie leg veins, ttirough the inferior vena cava, 
to the heart if such clots reach the lungs, they 
would occlude the flow of blood and possibly lead 
to death. 

Rlters of this type are typically formed of fine 
wire legs attached to a head or nose cone. The 
wire legs have a conical aspect in order to channel 
emboli (or clots) toward the center of tiie filter, to 
the nose cone near the apex of the filter. The filter 
thus may trap clots of approidmately three mflllme- 
ters or larger. The clot, depending on its age and 
nature, may stay permanentiy in the filter or may 
be resorised by the body. 

One blood clot filter of particular effectiveness 
is a prior commercial embodiment of Kimmell U.S. 
3,952,747, sold by Medi-Tech Incorporated of 
Watertown, i\/lassachusetts. under Uie trademark 
GREENFIELD®. The prior commercial Kimmell fil- 
ter has stainless steel wire legs extending from a 
large head. According to Kimmell. the legs are 
arranged in a conical aspect, each leg bent to form 
a number of linear segments generally tangent 
akjout tiie conical aspect to increase tiie filtering 
effect When the filter is inserted into a blood 
vessel, the head and the apex of the cone are 
positioned downstream in the blood flow. The re- 
mote ends of the legs are positioned upstream in 
the blood flow and are engaged witii the vessel 
wall. 

Blood vessel filters have previously been intro- 
duced into a vessel surgically, by cutting down to 
and then into a vein, using surgical blades. The 
filter, confined within a metallic capsule, has been 
introduced through a catheter. Once in position, ttie 
filter has been dislodged from the capsule using a 
pusher, and tiie capsule and attached catheter re- 
moved. Typically, the surgical procedure has re- 
quired two special teams of physicians. Including a 
surgeon and a radiologist, and it is not uncommon 
for tiie procedure to take up to 2 hours. 

More recentiy. certain filters have been insert- 
ed percutaneously. The advantages of this tech- 
nique include reduced trauma and shortened op- 
erating time. The applicability of Uiis technique has 
tDeen limited in the case of the preferred Wmmell 
type of filter. 



Summary of the Invention 

The present invention features a filter of the 

5 Kimmell type having significant Improvement that 

e.g.. enables its percutaneous introduction over a % 
wide range of patient population and Inferior vena 
cava size. In one aspect the invention features a 
filter of tiie type mentioned having a head: a plurah 

70 ity of legs having divergent leg portions, each leg 
secured at one of its ends to the head, each having 
securing means on its end distal with respect to 
the head and at least one generally U-shaped bend 
intermediate its end, witti the improvement that 

T5 each leg furttier comprises a first linear leg portion 
between the head and the divergent leg portion, 
the first linear leg portion having a predetermined 
lengtti emanating distally from tiie head, the first 
linear leg portion being arranged generally parallel 

so to tiie axis of tiie device. 

According to another aspect of the invention, 
first leg portions emanating from the head closely 
surround a central member, the head being formed 
of tiie metal of tiie ends of tiie first leg portions and 

25 of the central member, the central member sen/Ing 
to provide lateral support when the legs are com- 
pressed togther. 

In preferred embodiments, the legs and the 
head are fomned of a titanium alloy, preferably the 

30 alloy being at least 50 percent by weight titanium 
and tiie head comprises a bead formed by fusing 
the legs. 

According to another aspect of the invention, 
with the head comprising a bead formed by fusing 

3S the legs, each of the legs comprises: a) a first 
linear leg portion of predetermined lengtii emanat- 
ing distally from tiie head in a direction upstream 
of the direction of blood clot movement within the 
vessel, the first linear leg portion arranged gen- 

40 erally parallel to tiie axis of tiie device, b) a sec- 
ond, multi-angled leg portion of relatively greater 
lengtii tiian tiie first linear leg portion, tiie second, 
multi-angled leg portion extending generally out- 
wardly from tiie distal end of tiie first linear leg 

45 portion, at an acute angle to tiie axis to form, witii 

second, multi-angled leg portions of ottier legs, a ^ 

conical aspect, the second, multi-angled leg portion 

comprising a series of discrete finear segments 

an-ayed generally tangent to a cone defined by the ^ 

so set of second, multi^angled leg portions, and c) a 
hook portion at tiie distai end of each of tiie legs, 
extending outwardly, away from tiie axis, in a man- 
ner for engaging tiie blood vessel wall to fix tiie 
position of tiie device therewithin. and tiie legs and 
tiie head being formed of a titanium alloy. 
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!n further preferred embodiments of the inven- 
tion, the diameter of the bead that forms the head 
is of the order of less than about 3mm; the diam- 
eter of the base of the conical aspect of the device 
measured at the intersection of the second, mutti- 5 
angled leg portions and the hook portions is be- 
tween about 28 and 48 mm, preferably the device 
is adapted to be introduced into the blood vessel 
within a tubular cavity of an introducing cartridge, 
the cavity within which the device is disposed for w 
insertion having an inner diameter of the order of 
between 3 to 4 mm; the length of the first linear leg 
portion Is of the order of about 0.5 to 2 mm; and 
the overall length of the device along the axis, 
within the blood vessel. Is of the order of about 50 fs 
mm. 

According to another aspect of the invention 
there is provided a blood clot filtration device 
adapted for Implantation percutaneously via a tubu- 
lar cavity of an introducing cartridge, into a blood 20 
vessel of the body, the cavity within which the 
device is disposed for insertion having an inner 
diameter between about 2 and 4 mm. the filtration 
device comprising: a head and a plurality of legs 
extending therefrom, the head comprising a bead 25 
formed by fusing the legs and having a diameter of 
the order of less than about 3mm, each of the legs 
comprising: a) a first linear leg portion of predeter- 
mined length emanating distally from the head in a 
direction upstream of the direction of blood clot 30 
movement within the vessel, the first linear leg 
portion arranged generally parallel to the axis of the 
device, the predetermined length being of the order 
of about 0.5 to 2mm, b) a second multi-angled leg 
portion of relatively greater length than the first ds 
linear leg portion, the second, multi-angled leg por- 
tion extending generally outwardly from the distal 
end of the first linear leg portion, at an acute angle 
to the axis to form, with the second, multi-angled 
leg portions of other legs, a conical aspect having a <o 
diameter at the base of between about 30 and 
50mm. the second, multi-angled leg portion com- 
prising a series of discrete linear segments an'ayed 
generally tangent to the cone defined by the sec- 
ond, multi-angled leg portions, and c) a hook por- 45 
tion at the distal end of each leg extending out- 
wardly, away from the axis, in a manner for engag- 
ing the blood vessel wall to fix the position of the 
device therewithin, and the legs and the body 
being formed of a titanium alloy, the overall axial so 
length of the device in position within the blood 
vessel being of the order of about 50mm. 

The blood clot filtration device of the invention, 
without detrimental yielding of the metal or loss of 
function, can be confined to a very narrow diameter 55 
(or insertion percutaneously using narrow catheter 
tubes e.g.. 1 1 French or 3.7 mm internal diameter; 
the original conical aspect of the legs is regained 



even after insertion via the narrow catheter tube; 
and the legs exert appropriate force against the 
vessel walls upon positioning. 

The filter achieves a filtering efficiency and 
capacity similar to that of the prior commercial 
KImmell filter, retaining thromboemboli large 
enough to produce clinically significant pulmonary 
emtwiism. It passes a sufficient quantity of small 
thromboemt)oli to prevent either acute or insidious 
filter clogging, and permits lysis of the retained 
thromboemboli. Further, it helps to avoid the' gen- 
eration of new thrombi (or growth of retained em- 
boli) from local stasis or turbulence In venous flow. 
In a wide range of diameters of inferior vena cavae. 

Anchoring of the filter within a cava is achieved 
using approximating similar forces to those of the 
prior commercial Kimmell filter, but over an In- 
creased range of cavae sizes. There is no proximal 
migration, even when severe mechanical forces are 
applied, nor distal migration, beyond the range 
exhibited by the prior commercial Kimmell filter. 
Radial penetration through adventitia is also within 
limits that have been acceptable historically. Fur- 
ther, it is believed that the filter can be maintained 
in sittJ for extended periods (of at least 8-10 years) 
without loss of the original chemical and mechani- 
cal properties, and with no corrosion, fatigue, or 
yielding, under even severe mechanical strain, and 
even in large diameter megacavae. e-g.. up to 
30mm In diameter. 

Other features and advantages of the invention 
will be apparent from the foltowing description of 
the preferred embodiment, and firom the claims. 

Description of the Preferred Embodiment 

The drawings will first briefly be described. 



Drawings 

Figure 1 is a diagrammatic representation of 
a prior art filter as described In Kimmell U.S. 
3.952.747. in situ; and Figure 2 is a plan view of 
the prior art Kimmell filter observed from above the 
head. 

Figure 3 is a side view of a preferred em- 
bodiment of the blood clot filtration device of the 
present invention; 

Figures 4 and 5 are plan and side views 
respectively of the head area of the device; 

Rgure 6 is a plan view of the device, ob- 
served from below the head: 

Rgure 7 is a diagrammatic representation of 
one leg of the device; 
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Figures 8a and 8b are diagrammatic repre- 
sentations of the strain on a leg in the prior art 
device and the present invention, respectively: 

Rgure 9 is a diagrammatic representation of 
the relationship between force exerted by filters of 
the invention and prior art filters, on a vena cava 
wall versus cava diameter; 

Figure 9a is a diagrammatic representation 
of the filter of the invention illustrating points of 
stress exerted on a cava; and 

Figure 10 Is a diagrammatic plan view of a 
kit for inserting the filtration device of the invention 
percutaneousty. 

Prior Art 

The prior art filter descritred in Kimmeli U.S. 
Patent 3,952,747. incorporated herein by reference, 
is shown in Rgs. 1 and 2. Briefly, the prior art 
Kimmeli filter has six legs 100 which are squeeze- 
fitted into a farge head or nose cone 102, all made 
from stainless steel. This filter has been inserted 
percutaneously using a 24 French catheter but 
usually has been inserted surgically. It Is shown 
positioned in a cava 103, of diameter about 20 mm. 
with head 102 downstream relative to blood flow, 
shown by arrow 104. The leg bends, such as 
shown by number 106. and their positioning are 
shown In Fig. 2. 



Structure of the Preferred Embodiment 

Referring to Figs. 3, 4 and 5. the prefened 
embodiment of the blood clot filtration device 10 of 
the Invention consists of six legs 12 protruding 
from a head or nosebead 14. both being of 
biocompatible titanium alloy beta 111 (ASTM grade 
10, obtained from Ormco Corporation of Glendora, 
California, and designated TI-11.5IVIo-6Zr-4.5Sn. 
with major alloy elements molybdenum (10-13%), 
Zirconium (4.5-7.5%) and Tin (3.75-5.25%)). The 
legs 12. e.g.. wire of diameter Dw. about 0.018 inch 
(0.5mm). each have: a first linear leg portion 13 
lying parallel to axis E of the filter, for distance Hn. 
e.g., about 1 mm, a nose bend 15. a second multi- 
angled leg portion 16 of relatively greater length 
than the first linear leg portion, angling outwardly 
from the distal end of the first leg portion away 
from axis E, to define, with other second leg por- 
tions, an imaginary cone with base 20. shown as 
dotted lines; and outwardly directed hooks 22. The 
second leg portions 16 consist of a series of dis- 
crete linear segments anrayed generally tangent to 
the surface of the imaginary cone in a manner to 
increase the efficiency of the filtering effect The 
diameter of the base of the filter is Db. about 38 



mm. and the overall length of the filter is U, about 
50 mm. The linear leg portions 13 of all of the legs 
are closely arranged in a hexagonal pattern about 
central leg stub or segment 24 and the ends of all 

5 of these legs are joined at the apex in proximal 
head or nose bead 14, formed by fusing the ends 
of legs 12 and central leg stub 24 together. 

Referring to Rg. 4, the six legs 16 are located 
at angle 6r apart, about 60*. with maximum dear- 

70 ance l)etween the wires, e.g. about 0.002 inch (0.05 
mm). The width of the resulting nose is Wn about 
0.06 inch (1.5 mm). Nose bead angle at nose 
bend 15 is about 23* and bead reinforcement 
angle ds is less than 35* . Referring to Rgs. 6 and 

15 7. leg 12 has maximum extensions A (Cr) of about 
13*. The minimum radial distance from nose bead 
14 to first concave edge Ai . is 0.03 inch (1,66 mm) 
and to first convex edge Bt is about 0.08 inch (2.0 
mm). Total leg length P is about 1.85 inch (47 

20 mm), and total bent span Q Is about e.g.. 0.85 inch 
(22 mm). Unbent lengths R and S are about 0.32 
inch, and 0.72 inch (8.13 and 18.29 mm), respec- 
tively, and regions T. U. V. and X about 0.66. 0.12. 
0.13. and 0.16 inch (16.7. 3.05, 3.3 and 4.06 mm). 

25 respectively, with angle By about 40* . Distances Y 
and Z are respectively about 0.11 and 0.055 Inch 
(2,79 and 1.40 mm). 

Referring to Rg. 3, nose bead 14 of percuta- 
neous filter 10 is formed by the molten metal of six 

30 legs 12 and leg stub 24 as they melt. Leg stub 24 
is of length Lc. for example, about 2 mm. The six 
legs and leg stub are held in a fixture and are 
fused (e.g.. by cast or arc welding) at the point 
where the legs meet, so that, under the influence of 

35 surface tension, the legs melt to form a smalt, solid 
spherical bead 14. The nose bead has a diameter 
Wb, about 2 mm. and height Ha. about 0.07 Inch 
(1.8 mm). 

The wires forming legs 12 are formed into first 

40 linear portion 13. second multi-angled portion 16 
and hook 22 against a steel guide in such a way 
that there is an altemating bend circumferentially 
oriented to produce a characteristic conical struc- 
ture. Hook 22 has length U.^ about 1.8 mm, and Is 

45 angled at angle ^h. about 34* . The bends 38 in leg 
wires 12 are formed by bending the wires at an 
angle of 130-150*. Hook 22 is formed mechani- 
cally by bending the distal end of wire 12 over a 
mandrel. Hook 22 is then sharpened on three sides 

50 ag^nst an abrasive wheel. Nose bend 15 is made 
to form first linear portion 13 near to bead 14. 
parallel to axis E of filter 10. The leg 12 then bends 
slightly outwardly on the major angle of the cone 
and passes through a series of bends as described 

55 above. 

Diameter Ob and the length of first linear por- 
tion 13. from nose bend 15 to nose 14. as so 
determined, allows the filter to fit into a small 
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diameter carrier tube. e^.. of approximately 12 
French (inner diameter of about 3.7mm). and still 
be able to spring open to the full diameter of the 
appropriate cava (10 - 30mm). Diameter D and 
length A of the first linear portion 13 are selected 
relative to the overall length of the filter and the 
desired base diameter so the legs have sufficient 
spring force to engage the wall of the cava, but 
with force not so strong as to present a danger of 
rupture to the cava. If bead 14 and hook 22 are 
regarded as two ends of a beam, by selecting an 
appropriate distance Hn, e.g., about 1mm, move- 
ment of hook 22 towards axis E. e.g.. in compress- 
ing the filter for insertion into the blood vessel with 
a small diameter cartridge, applies stress to both 
nose bend 15 and the site of attachment of leg 12 
to nose bead 14. Due to the arrangement shown, 
the stress is distributed over a large area, and the 
likelihood of permanent deformation is made less 
than in prior art filter devices. (Were the metal to 
yield the filter might become too small In diameter 
to engage the walls of a cava at all.) 

One of the advantages of nose extension 13 is 
illustrated in Rg. 8A and B. Rg. 8A represents a 
filter compressed within a tube without extension 
13. Rg. 8B similarly represents a filter with exten- 
sion 13. Referring to the figures, solid lines 66 and 
68 inside tube 70. of inner diameter, D. about 11 
French, respresent the filter legs when bent to fit 
into tube 70; dotted lines 72, 74 outside the tube 
represent the filter in its non-compressed configu- 
ration. The corresponding lever arms Xn and Xp 
and radii of curvature r^ and rp are shown. Without 
extension 13. and r^ are small and thus com- 
pressive forces on bent wire 66 are great, and 
distortion of the wire is likely. With extension 1 3, Xp 
and rp are large and the forces on wire 68 are 
small, with little chance of permanently deforming 
the wire. Shear and bending stresses are much 
lower for Rg. 88 than Rg. 8A. so yielding of wire 
68 is unlikely. 

The titanium alloy used to construct the pre- 
ferred embodiment has aSoovX three times as much 
elasticity as other possible alloys such as stainless 
steel and thus help to avoid unwanted permanent 
deformation. Referring to Rg. 9, curves X and Y 
describe the relationship between stress exerted 
upon tissue by a stainless steel filter (curve X) and 
a titanium filter (curve Y) and the cava diameter in 
which the filter is placed (Rg. 9a). Both curves 
roughly describe a straight line intercepting at the 
optimal stress value in an average cava diameter of 
20mm. From Rg. 9. it can be calculated that if a 
stainless steel filter of an initial diameter of akx)ut 
30 mm were released into a cava whose diameter 
were 30 mm, it would rest there without exerting 
any stress on the cava wail. As the size of the cava 
decreases in diameter, the force on the cava wall 



would increase linearty. In contrast, the equivalent 
titanium filter of the present invention has a resting 
diameter of about 38 millimeters. The curve relat- 
ing force to the diameter of the filter at rest is also 
5 a straight line (curve Y, Rg. 9). but one which is 
less steep than that for stainless steel. The limits to 
the force that can be exerted against a cava are 
shown at points V. W in Rg. 9. If the force exerted 
by a filter on a cava is on the low side, the filter 
70 would be less secure against incidental movement. 
e,g.. due to movement by the patient or due to an 
embolism caught in the filter. If the force is on the 
high side, there is a risk of perforation of the wall of 
the cava by the filter. The advantage of the titanium 
75 filter is that, because its resting diameter is greater, 
it exceeds the desirable minimum force eariier than 
the stainless steel filter and thus can be used for 
larger cava than stainless steel filters. On the other 
hand, when the titanum filter is in a smaller cava, it 
20 exerts less force than the stainless steel filter on 
the walls of the cava. Thus, there is less risk of 
perforation of smaller cava diameters. 

A further advantage of the titanium alloy filter is 
that it has a high tolerance to mechanical strain. 
25 This allows a filter of the invention to be inserted 
into a cartridge of smaller diameter than the equiv- 
alent prior art stainless steel filter, and thus In- 
serted into a cava using a narrower catheter. Thus, 
the filter of the invention can be readily inserted 
30 percutaneously. 

Referring to Rg. 10, a kit for percutaneous 
insertion of the filtration device of the invention 
includes a guidewire 42, catheters 43, 44. sheath 
46 and needle 40. For percutaneous insertion, the 
36 vein is punctured with needle 40. Guidewire 42 is 
inserted into the vessel through the needle. Ta- 
pered catheter 43. up to 8 French in diameter, is 
pushed into the vein, over the guide wire. Slightly 
larger catheter 44. up to 10 to 12 French, is slid 
40 coaxially over the first and is used to dilate the 
tissue and the vein. A tapered catheter, with a thin- 
walled sheath 46, is then placed over this catheter 
and the Inner catheters and guidewire removed, 
leaving the sheath behind. The sheath acts as an 
45 access to permit the insertion of a cartridge 48 
holding the filter 52. Sheath 48 has a thin wall so 
that catheter 44 fits snugly inside of sheath 46 and 
they can travel together as a single unit Sheath 46 
is constructed of high density polyethylene and is 
50 slippery so that the friction between it and the cava 
is reduced. Cartridge 48 with filter 10 is introduced 
through sheath 46. Sheath 46 should be flexible 
enough so that it doesn't kink. with. e.g.. an inside 
dimension of 12.6 French and an outside dimen- 
55 sion between 1 3 and 14 French. Also provided in 
the kit is a filter delivery system 50 for delivery of 
the catheter. The dotted line within cartridge 48 
shows the orientation of the filter 10. in the orienta- 
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tion where the hooks are ready to come out first, 
i.e.. for introduction into a jugular vein. Pusher 60 is 
solid and is used to discharge the fitter into location 
in a cava. Once the filter in the sleeve is In an 
appropriate position, the fitter is pushed out of the 5 
sleeve using pusher 60. The legs of the filter will 
spring outward and engage the cava walls, thus 
holding the filter in position. 



Comparison with Prior Commercial Kimmell RIter 



The percutaneous filter of this invention can 
achieve a filter mesh between 75% and 125% of i5 
that of the prior commercial Kimmell filter, when 
both are confined inside a 20 mm inner diameter 
cylinder, with equivalent orientation (filter axis to 
cylinder axis). The leg wires are tiius able to filter 
blood passing through tiie filter and catch clots of a 20 
desired size. 

The range of arc A(flR) (Rg. 6) described by 
the most proximal set of legwire bends is prefer- 
ably reduced to less than 80% of A(6r) for tiie 
corresponding bends in the prior commercial Kim- 25 
moil fitter. This reduces legwire interferences that 
otherwise would impose large flexural strains at tiie 
head of the filter during leading into the narrow- 
bore (e.g.. 3.7 mm inner diameter) carrier 48. The 
flexural elasticity (resilience) achievable by tills fit* 30 
ter is at least 40% greater ttian tiiat of the prior 
commercial Kimmell filter, for example, ttie flexural 
yield strain of the legwire alloy is preferably greater 
ttian 1.8%. as in high-yield strain titanium alloys. 
This latter feature enables bending tiie filter legs 35 
towards tiie central axis. E (Rg. 3). by at least 
21.6*. whilst tiie prior ccmmerdal Kimmell filter 
tegs are bent in by only about 15.0*. during load- 
ing. Moreover, the legwire alloy has a linear (i e.. a 
proportional or elastic) relationship of stress vs. 40 
stiBin extending to above 1% deformation. That Is. 
the legwire alloy remains elastic even during, for 
example, elongation by more than 1%. 

The maximum strain concentration in the per- 
cutaneous filter structure (during loading, and when 45 
tiie fitter is wittiin a cava) can be significantiy lower 
tiian that in the structure of the prior commercial 
Kimmell filter. The strain concentration at tiie proxi- 
mal end of the filter legs ts achieved by. a filter 
nose (13. in Rg. 3). of minimal height Hn (Rg. 3), so 
and a filter bead (14, in Rg. 3); the bead reinforce- 
ment angle 0b (Fig. 3) is preferably reduced below 
tiie nose-cone "reinforcement angle* of 90* found 
in tiie prior commercial Kimmell filter the maxi- 
mum clearance C (Rg. 3) t>stween nose-wires is 55 
minimized: and Uie close-packed center-wire (leg 
stub 24, in Rg. 5) maintains the alignment of the 
array of wires and serves as an advantageous 



fulcrum during deflection, helping to reduce stress, 
to avoid yielding during maximum compression. 
Furthermore, tiie six filter legs may be negatively 
curved so tiiat tiie cone shape described by tiie 
legs is slightiy concave (cusp-like). Upon Insertion 
into a 20 mm vena cava, tiie slight concave bend is 
effectively straightened out. 

In order to insure long-term mechanical stabil- 
ity and safe anchorage in normal vena cava (having 
a diameter of about 20 mm) or larger megacavae. 
the invention achieves anchoring dilational loads 
and forces at tiie hook tips similar to those pro- 
duced by tiie prior commercial Kimmell filter in 
normal cava. Preferably, tiie fitter base diameter Da 
(Rg. 3) Is 30-50 mm (typically 38 mm), compared 
to diameter Dp of the prior commercial Kimmell 
filter. e.g., about 30 mm. 

A low modulus alloy is important to optimally 
satisfy the above requirements preferably one 
which resists corrosion and fatigue, even after se- 
vere cold-forming or hot-forming and cold-Joining or 
hot-joining operations. 

Otiier embodiments are within tiie following 
claims. 

aaims 

1. In a blood clot filtration device for filtering 
solid and semi-soUd materials from a liquid moving 
atong a vessel axis of a tubular vessel, said filtra- 
tion device having a device axis and comprising: 

a head; and 

a plurality of legs having divergent leg 
portions, each said leg secured at one of its ends 
to said head and each having securing means on 
its end distal witii respect to said head; and at least 
one generally U-shaped bend intermediate its end. 

the improvement wherein, 
said legs further comprise a first linear leg 
portion between said head and said divergent teg 
portion, said first linear leg portion having a pre- 
determined length emanating distally from said 
head, said first linear leg portion being arranged 
generally parallel to said device axis of said filb-a- 
tion device. 

2. In a blood clot filtration device for filtering 
solid and semi-solid materials from a liquid moving 
axially in a tubular vessel, said filti-ation device 
comprising; 

a head; and 

a plurality of legs having divergent leg 
portions, each said leg secured at one of its ends 
to said head and each having securing means on 
its end distal with respect to said head: and at least 
one generally U-shaped ben6 intermediate its end; 
the improvement wherein, 
each of said legs further comprises a first leg 
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portion between said head and its divergent leg 
portions, said first leg portions closely surrounding 
a central member, said head formed of the ends of 
said first leg portions and the end of said central 
member, said central member serving to provide 
lateral support to said first portions emanating from 
said head when said legs are compressed togeth- 
er. 

3. The blood clot filtration device of claim 1 or 
2 wherein said legs and said head are formed of a 
titanium alloy. 

4. The blood clot filtration device of claim 3 
wherein said alloy is at least 50 percent by weight 
titanium. 

5. The bloot clot filtration device of claim 1 or 2 
wherein said head comprises a bead formed by 
fusing said legs. 

6. The blood clot filtration device of claim 1 or 
2 wherein the legs at said head closely surround a 
central wire segment 

7. A blood clot filtration device adapted for 
implantation percutaneously. of the kind for pre- 
venting movement of blood clots within a blood 
vessel, comprising: 

a head and a plurality of legs extending 
tiierefrom, 

said head comprising a bead formed by fusing 
said tegs. 

said legs comprising: 
a) a first linear leg portion of predetermined 
lengtii emanating distally from said head in a direc- 
tion upstream of the direction of blood dot move- 
ment within said vessel, said first linear leg portion 
arranged generally parallel to the axis of said de- 
vice, 

b) a second, multi-angled leg portion of 
relatively greater length than said first linear leg 
portion, said second, multi-angled leg portion ex- 
tending generally outwardly from the distal end of 
said first linear leg portion, at an acute angle to 
said axis to form, witii said second, multi-angled 
leg portions of other legs, a conical aspect, said 
second, multi-angled leg portion comprising, a se- 
ries of discrete linear segments arrayed generally 
tangent to a cone defined by the set of said sec- 
ond, multi-angted leg portions, and 

c) a hook portion at the distal end of each said 
leg extending outwardly, away from said axis, in a 
manner for engaging the blood vessel wall to fix 
the position of said device therewithtn. and 

said tegs and said head being formed of a 
titanium alloy. 

8. The bk)od ck)t filtration device of claim 4 or 
6 wherein the diameter of said bead forming said 
head is of tiie order of less than about 3mm. 



9. The blood clot filtration device of claim 1 or 

6 wherein the diameter of ttie base of said conical 
aspect of said device measured at the intersection 
of said second, mutti-layered leg portions and said 

5 hook portions is between about 30 and 50 mm. 

10. The blood clot filtration device of claim 8 
wherein said device is adapted to be introduced 
into said blood vessel within a cylindrical cavity of 
an introducing cartridge, said cavity witfiin which 

10 said device is disposed for insertion having an 
Inner diameter between about 3 to 4 mm. 

11. The blood clot filtration device of claim 1 or 

7 wherein said length of said first linear leg portion 
is of the order of about 0.5 to 2 mm. 

}S 12. The blood clot filtration device of claim 1 or 
7 wherein the overall lengtii of said device along 
tiie axis, within said blood vessel, is of ttie order of 
about 50 mm. 

13. A blood clot filtration device adapted for 

20 implantation percutaneously via a tubular cavity of 
an introducing cartridge, into a blood vessel of tiie 
body, of tiie kind for preventing movement of blood 
clots witiiin said blood vessel, said cavity witiiin 
which said device is disposed for insertion having 

25 an inner diameter of the order of t)etween 2 to 4 
mm. said filtration device comprising: 

a head and a plurality of legs extending 
therefrom, 

said head comprising a bead formed by fusing 

30 said legs and having a diameter of the order of less 
than about 3mm. 

said legs comprising: 
a) a first linear leg portion of predetermined 
lengtii emanating distally from said head in a direc- 

35 tion upstream of the direction of blood clot move- 
ment within said vessel, said first linear leg portion 
arranged generally parallel to tiie axis of said de- 
vice, said predetermined lengtii being of tiie order 
of about 0.5 to 2mm. 

40 b) a second multi-angled leg portion of 

relatively greater length than said first linear leg 
portion, said second, mufti-angled leg portion ex- 
tending generally outwardly from the distal end of 
said first tinear leg portion, at an acute angle to 

45 said axis to form, witti second, multi-angled leg 
portions of other legs, a conical aspect having a 
diameter at tiie base of between about 28 and 48 
mm. said second, multi-angled leg portion compris- 
ing a series of discrete linear segments arrayed 

50 generally tangent to said cone defined by said 
second, multi-angled leg portions, and 

c) a hook portion at tiie distal end of each said 
leg extending outwardly, away from said axis, in a 
manner for engaging the blood vessel wall to fix 

55 the position of said device therewithin. and 

said legs and said body being formed of a 
titanium alloy. 
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the overall axial length of said device in 
j»osition within said blood vessel being of the order 
of about 50mm. 

14. The device of claim 6. 7, or 13 wherein 
said device further comprises a central wire seg- 
ment positioned axially, with said first linear leg 
portions disposed thereabout 

15. In a blood clot filtration device for filtering 
solid and semi-solid materials from a liquid moving 
axiaily in a tuj)Mlar vessel, said filtration device 
comprising; 

a head; and 

a plurality of legs having divergent leg 
portions, each said teg secured at one of its ends 
to said head and each having securing means on 
its end distal with respect to said head; and at least 
one general U-shaped bend intermediate its ends, 
the legs being formed of a high strength titanium 
alloy having a linear relationship of stress versus 
strain extending to above 1 percent deformation of 
said alloy, and said head being formed by fusing 
together corresponding ends of the legs, said legs, 
under a no-stress condition, conforming to a large 
base cone of diameter of about 30 mm or more, 
the legs being capable of such elastic deformation 
tfiat the filter can be collapsed Into a capsule of 
about 12 French external diameter. 

16. The filter of claim 15 wherein tfie base 
diameter to which tfie ends of tiie legs conform is 
30 mm or larger. 

17. The filter of claim 15 wherein s^d blood 
clot filtration device exerts a force against the tubu- 
lar vessel when in place therein, said tubular vessel 
having a predetermined maximum force limit, said 
titanium alloy having an elasticity selected to exert 
less than said maximum force against said tubular 
vessel for a tubular vessel inner diameter substan- 
tially less than 20 mm. 

18. In a blood clot filtration device for filtering 
solid and semi-solid materials from a liquid moving 
axially in a tubular vessel, said filtration device 
comprising; 

a head; and 

a plurality of legs having divergent leg 
portions, each said leg secured at one of its ends 
to said head and each having securing means on 
its end dfsta! with respect to said head; and at least 
one general U-shaped bend intermediate its ends, 
the legs being formed of a high strength titanium 
alloy having a tiexural yield strain greater ttian 
1.8%, and said head being formed by fusing to- 
gether corresponding ends of the tegs, said legs, 
under a no-stress condition, conforming to a large 
base cone of diameter of about 30 mm or more, 
the legs being capable of such elastic deformation 
that the filter can be collapsed into a capsule of 
about 12 French external diameter. 
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